Aims: A microorganism with the ability to release methionine from D,L-(2-methylthioethyl) hydantoin (strain 245) was isolated from soil. The aim of this study was the identification of the strain and the adjustment of the conditions of growth and of the enzymatic reaction, in order to achieve high specific activities of bioconversion of the hydantoin. Methods and Results: Strain 245 was identified as Ochrobactrum anthropi. The strain grew at alkaline pH (up to 10AE0) and its hydantoinase activity was found to be inducible by the substrate D L D,L-(2-methylthioethyl) hydantoin. The enzyme is also alkalostable, with a pH optimum of 9AE0. Under these conditions, hydantoinase activity was significantly enhanced and its half life prolonged when 200 mmol l -1 ammonium and phosphate were added. The addition of Ca 2+ , Na + , Cu 2+ , Co 2+
INTRODUCTION
Hydantoinases (hydantoin amidohydrolases) are enzymes which catalyse the hydrolytic ring opening of D,L-5-substituted hydantoins to the corresponding N-carbamoyl-D,Lamino acids. This is the first step in the route of D,L-amino acid synthesis, either via chemical or biological processes . The activity of these enzymes is in most cases inducible by cyclic amides. They are widely used for the industrial production of optically resolved amino acids, of interest to the pharmaceutical and chemical industries. D-Amino acids are used as intermediates for the preparation of semisynthetic antibiotics, such as ampicillin and amoxicillin, as well as other products, such as pesticides and hormones Yamada et al. 1978; Shigeru et al. 1991; Ogawa and Shimizu 1999; Triphathi et al. 2000) .
L-leucine, L-proline and L-valine, are used as precursors for the synthesis of antibiotics, cardiovascular drugs, and a number of compounds with antiviral, anti-inflammatory and antitumoral activities (Baldwin et al. 1994; Bommarius et al. 1998; Schulze and Wubbolts 1999) . The chemical synthesis of optically pure isomers of amino acids is a three-step process, which first involves the chemical synthesis of substituted hydantoin substrates, followed by the stereospecific hydrolysis of hydantoins catalysed by hydantoinases, and finally a chemical decarbamoylation. In the 1980s, the finding of the novel enzymes N-carbamoyl amino acid amidohydrolases (NCAAHs), was considered to be an important advance in the development of industrial enzymatic processes for the synthesis of D-amino acids (Olivieri et al. 1981) . The use of a full enzymatic process provides characteristics very desirable for an industrial application, and has numerous advantages compared to the chemical process: higher product yield, higher optical purity, and lower environmental impact (Triphathi et al. 2000) . All these facts made the study of hydantoinases and NCAAHs an important field of investigation.
Hydantoinases are widely distributed in nature and have been described in animals, plants and fungi, as well as in many bacteria from distantly related genera, such as Agrobacterium, Pseudomonas, Bacillus, Arthrobacter and Alcaligenes . As the activity of the enzymes described in wildtype microorganisms is often low, current research in this field is conducted towards two different approaches: (1) to look for new microorganisms with high hydantoinase activity, and (2) to increase the enzymatic activity of already known microorganisms, via modifications in the reaction conditions or via genetic engineering (Wagner et al. 1996; Burton et al. 1998; Buchanan et al. 2001) .
Ochrobactrum anthropi is a Gram-negative bacterium with a high proteolytic activity, that releases free amino acids from peptides present in the medium via a pool of peptidases (Bompard-Gilles et al. 2000a) . Several aminopeptidases and amidases have been previously found in this bacterium (Van den Tweel et al. 1993; Asano and Lubbehusen, 2000; Bompard-Gilles et al. 2000b) . In this paper, we describe hydantoinase activity by a novel strain of Ochrobactrum anthropi isolated from soil, and describe the qualitative and quantitative effects of some environmental factors, such as pH, presence or absence of the inducer D,L-5-(2-methylthioethyl) hydantoin, addition of phosphate, ammonium, heavy metals and other ions, on hydantoinase activity by this new strain.
MATERIALS AND METHODS

Strain
Strain 245 was isolated from a soil sample for DSM-Deretil, by the Environmental Microbiology group (Department of Microbiology, University of Granada, Spain). The strain was selected for further study due to its high hydantoinase activity, on the basis of a comparative screening of hydantoinase activity amongst a wide collection of isolates belonging to DSM-Deretil (data not shown).
Identification of the strain
Strain 245 was identified by analysis of the sequence of the gene encoding 16S rRNA (16S rDNA). Primers fD1 and rD1 (Weisburg et al. 1991) were synthesized by Amersham Pharmacia (Sweden) and were used to amplify almost the full length of 16S rRNA gene from strain 245. A fresh cultured colony of strain 245 was lysed by the addition of 20 ll of a mixture of NaOH (0AE05 mol l -1 )-SDS (0AE25%, w/v) and then boiled for 15 min. The lysate was adjusted to 200 ll with sterile water and centrifuged at 10 000 g for 5 min. The cleared lysate (4 ll) was used as template for amplification. PCR was done adding to the lysate 1 · PCR buffer (GeneCraft, Germany), 1AE5 mmol l -1 MgCl 2 (GeneCraft, Germany), 200 lmol l -1 dNTPs (Roche Molecular Biochemicals, Germany), 20 pmol of each primer, and 1 U of Taq polymerase (GeneCraft, Germany). Final volume of the reaction tubes was adjusted to 50 ll. Reactions were run in a Perkin Elmer GeneAmp PCR system 2400 (Perkin Elmer, Norwalk, USA). The temperature profile was the one previously described by Vinuesa et al. (1998) . PCR products were run on 1% agarose gels and the bands were purified using the Quiaex II kit (Quiagen, Germany). The nucleotide sequence of the purified bands was determined by the dideoxy chain terminator method, using the ABI-PRISM Big Dye Terminator Cycle Sequencing Ready Reaction kit (Perkin Elmer, USA) and automated sequencer Applied Biosystems ABI 373 (Perkin-Elmer, USA). Sequence data were analysed using the GCG Wisconsin Package v. 10.1. programs (Genetics Computing Group, Madison, Wisconsin, USA), and were compared to sequences in EMBL bank using FASTA v. 3.3t07 (Pearson and Lipman 1988) .
Culture conditions
Strain 245 was cultured in 250-ml Erlenmeyer flasks with 50 ml TSB medium (Tryptic Soy Broth, Difco, USA) on an orbital incubator (Gallenkamp INR-200, UK), at 100 rev min -1 and 30°C during 48 h. Before the incubation,
) was added to growth medium in flasks, as an inducer of hydantoinase activity. The optical density reached was 6AE0 at 550 nm. For pH assays, the pH values (6AE5-9AE5) were adjusted in the growth medium with 0AE1 mol l -1 HCl or NaOH. For the assays on the effect of different anions, cations and heavy metals, the ions were used in different forms. Phosphate and ammonium ions were used at concentration of 200 mmol l , 0AE5 mmol l -1 ) were incorporated in their most usual oxidation state. In each experiment, the survival and growth of the strain were checked by dilution and plating on TSA plates (Tryptic Soy Agar, Difco, USA). After 48 h of incubation, the cells were harvested by centrifugation (15 000 g, 10 min) and washed with 0AE1 mol l -1 phosphate buffer (pH 8AE0). Wet biomass obtained was used for enzyme assays.
Screening for hydantoinase activity on solid medium
Hydantoinase activity can be easily detected using a quick qualitative test on solid medium (Morin et al. 1986 ), or quantified directly measuring N-carbamoyl-amino acid amounts by high performance liquid chromatography technique (HPLC) (Burton et al. 1998; Chen et al. 1999; Triphathi et al. 2000) . In these studies, the release of N-carbamoyl-D,L-methionine by strain 245 was first evaluated by the qualitative technique developed by Morin et al. (1986) . Bacteria were inoculated on enrichment liquid medium and incubated for 24 h at 30°C. The composition of the medium was the following (g l ; H 3 BO 3 , 0AE06 mg l -1 and KI, 0AE001 mg l -1 ). In each assay, survival and growth of the strain were tested on a solid medium of the following composition (g l -1 ): hydantoin, 2; yeast extract, 5; K 2 HPO 4 .3H 2 O, 2; agar, 20; and glycerol, 4 ml l -1 . The same solid medium was used to carry out the screening for D,L-hydantoinase activity. Plates inoculated with strain 245 were incubated for 24 h at 30°C. After this period, a second layer (1AE5% agar) containing D,L-5-(2-methylthioethyl) hydantoin (3 g l -1 ) was added. The plates were further incubated for 24 h at 30°C. N-Carbamoyl-D,L-methionine was detected by the yellow colour released, 5-10 s reaction, after the addition of 25 ll of p-dimethylamino benzaldehyde solution in HCl (6 mol l -1 ).
Quantitative determination of D,L-hydantoinase activity
The quantitative effect of the following environmental parameters on hydantoinase activity has been tested: pH, absence of inducer, and presence of several cations. Each particular assay had specific enzymatic conditions. In all cases, wet biomass was resuspended in an appropriate volume of a biological buffer (0AE1 mol l -1 potassium phosphate or Tris-HCl buffer), until a cell suspension concentration of 0AE2 g l -1 was reached. For pH assays, the pH values were adjusted from 6AE5 to 9AE5, using 0AE1 mol l -1 potassium phosphate buffer for pH 6AE5, 7AE0, 7AE5, 8AE0, 8AE5, and Tris-HCl buffer for pH values 9AE0 and 9AE5. For assays on the addition of the different cations, as well as the assays in absence of inducer, the pH value of the enzyme reaction was adjusted to 9AE0. In all cases, the D,L-hydantoinase activity of the strain was determined by quantifying the amounts of N-carbamoyl-D,L-methionine released, using an HPLC technique (Hewlett Packard 1050 with diode-array sensor).
Enzyme reactions were conducted in bottles under the following conditions: total volume, 5 ml; wet biomass, 0AE2 g l 
Statistical analysis
All the data were average of three replicates. Two-way analysis of variance (ANOVA) using the software package STATGRAPHICS 3.0 Plus version (STSC Inc., Rockville, MD, USA) was performed to identify significant differences between the treatments. A significance level of 95% (P < 0AE05) was selected.
RESULTS
Identification of strain 245
The strategy used to sequence the 16S rDNA gene of strain 245 produced a continuous stretch of 1445 nucleotides, representing > 95% of the primary 16S rDNA sequence.
Percentage similarity values obtained after pairwise alignment of the sequence of 16S rDNA of strain 245 and EMBL database sequences are shown in Table 1 . The gene sequence comparison demonstrated the affiliation of strain 245 to the Ochrobactrum anthropi species (98AE95-99AE72% ungapped sequence identity).
Effect of pH on D-hydantoinase activity
The results of the qualitative determination of enzymatic activity when different pH values were tested are showed in Table 2 . The results suggested that the pH value of the solid media plates was important for the test results. D,LHydantoinase activity was always increased as pH value of the plates increased, and the maximal hydantoinase activity was detected at pH 9AE0 in both the media tested. An enzymatic method was performed to quantify the D,Lhydantoinase activity (as lmol N-carbamoyl-D,L-methionine formed in one minute and litre of volume reaction, U l -1 ) at 24, 48 and 72 h of incubation at 40°C and 200 rev min -1 (Fig. 1) . The highest D,L-hydantoinase activity detected was after 24 h of incubation, and again the highest activity detected was for a pH value of 9AE0. D,L-Hydantoinase activity was not detected at either pH 6AE5 or 7AE0. These results agree with the results obtained in the preliminary qualitative test.
Effect of inducer absence
The absence of D,L-5-(2-methylthioethyl) hydantoin in media had a negative effect on the enzymatic activity at all the pH values tested, except for medium at pH 9AE0, where D L D,L-hydantoinase activity was detected at all the incubation times. At a pH value of 8AE5 or 9AE5, N-carbamoyl-methionine amounts were also detected after 48 h incubation under our experimental conditions (Fig. 2) . The above results on the effect of pH and addition of the inducer showed that the best experimental conditions for the expression of D,L-hydantoinase activity by strain 245 were a pH value of 9AE0 and the presence of D,L-5-(2-methylthioethyl) hydantoin as inducer, hence these conditions were selected for all further experiments described below. 
Effects of ammonium and phosphate ions
The addition of ammonium ions (NH 4 Cl, 200 mmol l -1 ) and phosphate ions (K 2 HPO 4, 200 mmol l -1 ) increased D,Lhydantoinase activity, a fact which was more evident in the case of phosphate (Fig. 3) . On the other hand, the enzymatic activity was clearly maintained for a longer time. The enzymatic activity in the presence of either phosphate or ammonium decreased by 10AE3% after 72 h, while it decreased by 36% in control assays (Fig. 3) .
Influence of several cations
The effects of the presence of heavy metals and other ions on D,L-hydantoinase activity of strain 245 were studied under the following conditions: pH 9AE0, 200 mmol l -1 ) added at final concentration of 0AE5 mmol l -1 . The enzymatic activity detected was higher than in all previous experiments done in the absence of cations. The increase of the activity was always over 100% vs. control, and the results showed that the maximal activity was achieved when Ca 2+ , Na + , Cu 2+ or Co 2+ were added (Table 3) . With Cu 2+ the exception, the maximal enzymatic activity was detected after 24 h incubation, although each ion followed a different pattern. With the addition of 0AE5 mmol l -1 Mg 2+ , Zn 2+ or Fe 2+ , the levels of D,Lhydantoinase activity remained constant over the whole experiment (Table 3 ). In the case of other ions, a sharp decrease of the activity was experienced, the greatest reduction (80% decrease after 72 h of incubation) being showed by the addition of Ca 2+ (Table 3) .
DISCUSSION
The selection of new microorganisms showing a high wildtype D,L-hydantoinase activity offers new areas of study, as this enzymatic activity can be further modified via genetic engineering, or positively influenced by biochemical methods. Strain 245 is a newly described bacterial strain which converts D,L-5-(2-methylthioethyl) hydantoin to N-carbamoyl-D,L-methionine, which was isolated by DSM Deretil from soil and has been identified in this work as Ochrobactrum anthropi. Under our starting work conditions, strain 245 showed lower enzymatic activities than other D,L-hydantoinase-producing microorganisms previously described and identified as Agrobacterium sp., Pseudomonas sp., Arthrobacter sp. and Alcaligenes sp. (Morin et al. 1986; Meyer and Runser 1993; Burton et al. 1998; Triphathi et al. 2000; Buchanan et al. 2001) . However, we report here that adequate adjustment of some environmental parameters (pH, addition of inducer, presence of ammonium, phosphate, heavy metals and other ions) could considerably increase the activity of this particular strain. Previous studies on isolation of D,Lhydantoinases of several micro-organisms (Burton et al. 1998) suggested that these enzymes could be membrane bound, and several modifications on environmental parameters affected this enzymatic activity. Buchanan et al. (2001) reported that the use of detergents as cell membrane-disrupting agents caused a significant increase in the hydantoinase activity of a Pseudomonas putida strain. In our studies, a drastic effect of pH on D,L-hydantoinase activity of strain 245 was clearly shown, either by qualitative and quantitative determinations. It is worth noting that the 
*Values are average ± standard error of three separated experiments.
growth of strain 245 was not negatively affected when the culture media was buffered at high pH values. Both qualitative and quantitative tests showed that a pH value of 9AE0 was the best for expression of the D,L-hydantoinase activity. pH values of 8AE0-9AE5 have been reported optimal for hydantoinase activity of other strains (Lee et al. 1997) .
The presence of the inducer D,L-5-(2-methylthioethyl) hydantoin in the growth media increased the N-carbamoylmethionine detected, indicating that D,L-hydantoinase activity is induced by this compound. The presence of phosphate and ammonium ions either in culture media or the reaction mixture also had a marked positive effect on the expression of D,L-hydantoinase activity. The enhancement of the enzymatic activity in the presence of phosphate ions suggests the possibility of an ATPdependent enzyme. This hypothesis is also supported by the positive effect of addition of 0AE5 mmol l -1 Mg 2+ on this enzymatic activity.
Metal-dependence studies have shown that the D,Lhydantoinase activity of several microorganims can be increased with the presence of all the ions tested here. Mn 2+ has been reported as able to enhance D-hydantoinase activity of Bacillus spp. strains (Lee et al. 1997) . The presence of Mn 2+ or Zn 2+ ions positively influences the stability of enzymatic structure of D-hydantoinase of Arthrobacter spp. Syldatk et al. 1990; May et al. 1998) , whereas Ni 2+ , Co 2+ and Mg 2+ remain ineffective (May et al. 1998) . A positive effect of Ni 2+ ions has been described on D-hydantoinase activity of Agrobacterium sp. IP I-671 (Runser and Ohleyer 1990) . Hydantoinase of Pseudomonas fluorescens DSM 84 is not influenced by Zn 2+ , but it is markedly inhibited in the presence of Cu 2+ and reactivated with the addition of ferrous ions (Morin et al. 1986) . These data strongly suggest the involvement of different metal ions as essential part of the active site of this family of enzymes (May et al. 1998) . Related hydrolases such as aminopeptidases can be metallo-enzymes regulated by the presence of several divalent cations, with Zn 2+ being the most commonly associated cation, or be metal independent (Bompard-Gilles et al. 2000b ). All aminopeptidases described in Ochrobactrum spp. so far are metal-independent enzymes (Bompard-Gilles et al. 2000b ).
Our study clearly shows the importance of variations of environmental parameters on expression of D,L-hydantoinase activity of strain 245. It is remarkable that in the experiments described here, all the tested ions, including Na + , Ca 2+ and Mg 2+, significantly increased D,L-hydantoinase activity of strain 245. Such general enhancement observed in this study has not been reported previously, neither so high increments (up to tenfold) of the activity due to the presence of heavy metals. Further experimentation is needed in order to clarify these effects. One hypothesis points to a possible role of the ions in transport processes and membrane stability, that could influence the availability of membrane bound enzymes.
